INTRODUCTION
The purpose of this report is to present mineralogical and chemical analytical data for rock samples collected from five alkaline intrusive complexes in northwestern Montana at Rainy Creek, Bobtail Creek, and Warland Creek in Lincoln County, Haines Point in Sanders County, and Skalkaho in Ravalli County ( fig. 1) . The major-element data are summarized in a diagram that plots agpaitic index (atomic Na+K/Al) against silica content and the rare-earth-element (REE) data are represented by chondrite-normalized patterns.
These alkaline intrusive complexes are being studied because they appear to represent examples of Rock's (1976, p. 97) gabbroic type of alkaline complex. According to Rock, this type of complex typically contains alkali gabbro, nepheline syenite, oversaturated peralkaline or agpaitic rocks, and other lithologic types; calcic plagioclase should be present in some of the rocks of this type of complex. Rock's (1976, p. 97) other type is the carbonatitic type of alkaline complex. These complexes contain carbonatite, ijolite, pyroxenite, melilitic rocks, nepheline syenite, and other lithologic types; calcic plagioclase is absent from rocks of this type of complex. The distinction between these two types of complexes is important because carbonatitic types such as those at Iron Hill, Colo. (Armbrustmacher, 1979), Magnet Cove, Ark. (Erickson and Blade, 1963) , and Mountain Pass, Calif. (Olson and others, 1954) commonly host deposits of rare-earth elements, niobium, thorium, titanium, and other commodities, whereas the gabbroic types do not appear to host such deposits. Cataloging of geochemical and petrologic characteristics of both types of complexes will result in the establishment of a unique set of geochemical parameters so that limited rock samples of remote exposures or drill core from alkaline complexes can be used to determine whether they are gabbroic or carbonatitic and thus to determine the advisability of further exploration of these complexes for the presence of deposits of earlier mentioned commodities.
Carbonate-rich rocks occurring in dikes and thought to resemble carbonatites have been reported at Rainy Creek (R.J. Kujawa, personal commun., 1981) and at Skalkaho (Marti Stomberg, personal commun., 1981). If these complexes were therefore the carbonatitic type, the possible spatial and genetic association of rare-earth elements (REE), niobium, thorium, titanium, and other commodities with these complexes should be considered. However, the "carbonatite dikes" were determined to be hydrothermal carbonate veins on the basis of geochemical composition, and the complexes at Rainy Creek and Skalkaho were determined to be the gabbroic type on the basis of types of lithologies present and their geochemical compositions. Thus, the probability of finding mineral deposits of the kind usually associated with carbonatitic complexes is unlikely at the localities discussed in this report.
PROCEDURE
Rock samples were collected from the five complexes (figs. 2-6) and the intent was to collect unaltered and unweathered samples of each lithologic unit. After petrographic examination of thin sections cut from the rock samples, point counts were made of selected samples in order to determine modal compositions of the rocks (tables 1-8). The same samples were submitted to the Branch of Analytical Chemistry for major and minor element analyses. The major elements (tables 9-11) were determined by X-ray fluorescence spectroscopy (analysts J.S. Wahlberg, J.E. Taggert, and J. Baker). Additional major elements (FeO, KoCH, H20-, and COo) were determined by chemical techniques (analysts: H. Neiman and E. Engleman). Normative mineral calculations (tables 9-11) were performed with the technical assistance of Ken Hon. Minor elements (tables 12-14) were partly determined by semiquantitative 6-step DC-arc spectrography (analyst M.J. Malcolm), and partly determined by inductively coupled plasma-optical emission spectroscopy (analyst K. McKowen). Rare-earth elements (tables 12-14) were determined by inductively coupled plasma-optical emission spectroscopy after preconcentration by ion exchange (analyst J.G. Crock) (Crock and others, 1986). Uranium and thorium (tables 12-14) were determined by delayed neutron analysis (analysts: H.T. Millard, Jr., B.A. Keaten, P.M. Luman, R. Bies, M. Coughlin, S. Lasater, J. Storey, S. Danahey, and B. Vaughn).
GEOLOGY
All five of the alkaline intrusive complexes intrude rocks of the Proterozoic Belt Supergroup. In the vicinity of four of the complexes, the Belt rocks consist of fine-grained clastic rocks of low metamorphic grade. In the vicinity of the complex at Skalkaho, the host rocks are chiefly calcsilicate rocks, presumably belonging to the contact metasomatic aureole surrounding the Idaho batholith. The Belt rocks show evidence of fenitization adjacent to contacts with the alkaline complexes.
The complex at Rainy Creek ( fig. 2 ) contains the largest known vermiculite deposit and the largest vermiculite mining and milling operation in the world. The complex comprises a bimodal suite of rocks, with an ultramafic component consisting of pyroxenite and biotitite and a younger leucocratic component consisting of small separate intrusions of quartzbearing syenite and nepheline syenite. The ultramafic rocks are intruded by syenite dikes that are probably related to the rocks of the quartz-bearing syenite intrusion, and sparse carbonate veins. Tables 1-3 list modal compositions of rock samples from the complex at Rainy Creek.
The complex at Skalkaho ( fig. 3 ) also comprises a bimodal suite of rocks, an ultramafic component consisting of several types of pyroxenite and mafic pegmatite, and a leucocratic component consisting chiefly of alkali-feldspar syenite. Some of the pyroxenites have cumulus textures. Trachyte dikes and carbonate veins intersect many of the rocks. The ultramafic rocks contain vermiculite. Tables 4 and 5 list modal compositions of rock samples from the complex at Skalkaho.
Quartz alkali-feldspar syenite, alkali-feldspar syenite, and nephelinebearing alkali-feldspar syenite are exposed in road cuts through the complex at Haines Point ( fig. 4 ) and are the principal lithologies of cores drilled in the complex as part of a base-and precious-metal exploration program conducted by Burlington Northern in 1981. No ultramafic rocks are exposed at Haines Point, but an aeromagnetic map prepared by Kleinkopf and others (1972) shows a 400-to 500-gamma anomaly directly over the complex suggesting the possibility that ultramafic rocks occur beneath the syenite. Table 6 lists modal compositions of Haines Point syenite samples.
The complex at Bobtail Creek ( fig. 5 ) consists chiefly of coarse-grained, trachytoid-textured leucocratic rocks with compositions ranging from syenitic to monzodioritic. Subordinate amounts of biotite shonkinite are found along the southwestern part of the syenite intrusion. Table 7 lists modal compositions of syenite and shonkinite samples from the complex at Bobtail Creek.
A wide variety of leucocratic rocks occur in the complex at Warland Creek ( fig. 6 ), including syenite, quartz syenite, quartz monzonite, granite, and alkali-feldspar granite. Some of the rocks contain crystals of augitic clinopyroxene that are zoned outward to aegirine-augite. The presence of the alkali pyroxene qualifies these rocks as alkaline (Sorensen, 1974, p. 7) . These rocks are cut by dikes of similar rock types and by small gold-and silver-bearing quartz veins. Table 8 lists modal compositions of leucocratic rock samples from the complex at Warland Creek.
GEOCHEMISTRY
Two aspects of the geochemical compositions of the rocks from the northwestern Montana alkaline complexes are illustrated, the plots of agpaitic index against weight percent SiOo ( fig. 7 ) and plots of chondrite-normalized rare-earth-element (REE) data (figs. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] .
The plots of agpaitic index (Na+K/Al) against weight percent SiC^ for all the analyzed rocks (tables 9-11) mostly fall in the alkali basalt family field. The major exceptions are the Rainy Creek pyroxenites and most of the Skalkaho pyroxenite cumulates, which fall in the nephelinite family field, and the quartz-rich leucocratic rocks from the complex at Warland Creek, which fall in the subalkaline rocks field.
Figures 8-17 illustrate chondrite-normalized patterns of the REE data contained in tables 12-14. The chondrite values used for normalizing the REE data are those given in Boynton (1984, p. 91). Certain elements, terbium, dysprosium, thalium, and ytterbium are not included in the patterns because of the difficulties in producing accurate analytical results for these elements at the low end of their detection intervals (J.G. Crock, personal commun., 1986).
Further interpretation of the analytical data will be presented in future publications. Future papers will also discuss the implications of radium/strontium (Rb/Sr) and samarium/neodymium (Sm/Nd) studies on the origins of these same complexes; these isotopic results stem from cooperative studies with Kiyoto Futa of the Branch of Isotopic Geology. Modified from Fleshman and Siegman (1982, plate 11). .36
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